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The Self- Absorption Effect of Gamma Rays in **Pn
by

Hsiao-Hua Hsu
L.as Alamos National Laboratory

Los Alamos, New Mexico 87343

ABSTRACT

Nuclear materials assay witlh gamma-ray spectrinn measureinent s a well-established
methad for «afeguards  However, far a thick source, the self-absorption of characteristic
low-energy gamma rays has heen a handicap to accurate assay 1 have carried out Mowe
Carlo simulations to study this elfect using the P Pu a-decay gamma-ray spectrum as
an example. The thickiiess of a pluteniun metal source can be considered a function of
gatma-ray intensity ratios loa practical application, gamima-ray intensity ratios can be
obtamed from a measured spectenm \With the help of calculated curves, scientists can find
the source thickness and ke corrections to gamimia-ray intensities, which then lead taan

accurate quantitative deternunation of radivactive isotapes i the material,

Tutroduction

Chnmna-ray spectiang measiutement s a0 Well estabhished assay umthonl for noefear
meterial saleonards  Feoan oo wannnaeray spectram, investizators can dentdy dilbere m
rachoaetine isotopes i the mitered Dnopeneiples, they can abso degermmes quantites of ey
iotope i the material Tlowever tor quantitative measureinent this procsdure regquines o
well-calibrats] dutector sastemn whose gse s restreted toan vleal thinand pomt radioactnee

sealpe e



In many practical cases, the source could be a slab of unknown thickness. Tu such a case,
the self-ahsorption of gamma rays i the matenal will distort the spectrum and may lead

to inaccurate quantitative deterimnations.

Monte Carlo Simulations

I used the computer code CYLTRAN of the integrated TIGER series of Coupled
Llectron/IPhoton Monte Carlo Transport Codes! for sinulations ol the self-absorption eflect
in a plutonimm decay gammia ray spectrum. CYLTRAN combines a condensed-history
electron Monte Carlo technique with a conventional single-scattering photon Monte Carlo
techniqyue  The code simulates the transport of all generations of electrons and protons
with energy between several inegavolts and 1.0 keV. ‘The electron transport includes energy-
loss straggling. multiple electron scattering, production of knock-on electrons. continuous
hremsstralitune. characteristic x rays. and annihilation radiation. The photon transport

inchides photoelectric, Compton, and parr-production interactions.

Slabs of bare plutormm metal with varving thicknesses ant a density ol 19.8 gin/em’
wers odelsd ac souress I the model a detector was located 10 e from the noure
sutface, and a 2-cim-thick lead collimator hetween the source and the detector limited the

sonrce area to 7 9 cm o diaimeter.

Gamma rays with selected energies wers originated unifurinly throughout the source
volime and transported asotropically toward the detector. | tallied the spectrum at the
detector front surface 1o avond alteration of the spectrum by the detector responses  If
there were no sellzabsorption the mnber of gamma rayvs tallied at the detector fron
surlee wothd b propor onal o e soneee thickness Por o given detector, o tally ol
the pulse-heaghit distptbution at the detector can also be compared with the real measnred

spectriin

Figmie 1 a plot of gannua-ray antensities as a function of source thickness The strmgle
e reprosents the gammaray intensny with no self-absorntion effect. The deviation
Bonn the stemeht e as shown ber theee siierent gamma vy energies, indicates clearh
thie energy - dependent sell-abamption effect Fhese corves staet to eve) ol at dillereim
tinehnessos Beecause all pemerpad oo rays i 9 Pasdecay ane low eneppy (- 11T heeN )
plotonmime vestal Vhocher oo 5o as essentially eonsaderesd to have aalinate thickhiessora .

o ey ts el henee s pod amsnable to quantiative Lanoi ray assin



The mtensity ration between dillerent gamma rays chanses as a function ol souree
thickness up to 3 cm hecause of diflerential absorption chicactensiics [ calculated 6
gamina-ray ‘ntensity ratios in SPu for 17 ditlerent thicknesses ranging from 1.0 x 10~
cm to 3 an. The ratios were 375 heV' /113 keV, 203 k=\'/413 keV, 116 keV /413 keV, 129
keV/113 keV. 51 keV /413 keV'. apa 38 ke v /113 keV

Resulis and Discussion

| carried out the calculations lor gamma-ray mtensity ratios as functions of sonrce
thickness. A practical applicaiton would be to derive source thickuess given the appropriate
measured ganuna-ray mtensity ratios. Figures 2-7 show plots of the source thickness as
functions of ditferent gamima-ray intensity ratios. In each plot. > are calculated values that

can be fit by a funetion of the form

fo'l' = La,(Ink)V,

wiere Tis the thickness and B s the gamma-ray mtensity ratio L he dots (o) in the plois

are 50 interpolations of the function. Calculations are available from the author.

Although each ganuna-ray intensity ratio exhibits sensitivity within certain limits of
thnekness, using the six ratios permils determination of thicknesses ranging from 5 . 10-4
to d em Foroan dlusteatnion. the easneed intensity ratio of 129 ke /113 keV s 20
] thar ob 203 Re V110 ReV e 0305 2 0000 The g pesdations of the plots show
Vhast e vadues of the thichness e (00 L UG « 107 ek o b 4 015 1o o

respectively The pesulia ate consirent with viach other

PFigure s e plet of the intensity correction Gaetor for the TR T-he V' givnnimin vy as i
finetion of plutonnmm sample toackness. In the plot < are caleutated values and o are 501
mierpolations Calenlanions e available from the author The curves e Figure X allow
caorpeetions for wamima vy intensites anag determmation of the S Pa gquantty i the souren
Vo thichpess o 500 0o By 10" e the antensity of thee 7157 ReV g 1oy ~honlid

Lo e reasesd by B ten ol 1 oods? a0 o obtaamn the tre sonino tlegisaly

Platommum 3 sampaes nsonally contio other plitommme isotopes ™Pac Y Pa 0
aned YN D teriminz e amount s of these sotapes s possabde by hpowig thea e
vt s meas g the goanmma cay mtepsty ratios 125 ke 110 Re N o "“I\III/."'WI'II.l“ ,

he N RO ReN T 0 P 152 ReNYZE6 ReN for 2 a5 P e 160 Re NV /TG he N g



MHOpy /239p,, |lowever, for samples thicker than 0.01 cm, the differential absorptions will
change these ratios, and corrections factors will be required to obtain the true ratios and

to calculate the true contents of these isotopes.

Figure 9 shows plots of these correction factors for gamma-ray intensity ratios as a
function of sample thickness. No correction is needed for the 148 keV /116 keV ratio. These
correction factors approach constant values for sample thickness larger than 0.25 em: that
15, 0.25 em in approacling the mtinte thickness for ganuna rays with energy < 160 ke\'.
For the example above, the measured mtensity ratios 125 keV' /116 keV, 152 keV /116 ke V',
and 160 ke\' /116G keV require multiphication by factors of 1.256 4 9.020. 0.941 1 0 005, and

0.890 £ 0.006. respectively, to vistain the true ratios.

Conclusion

The self-absorption ellect. usnally  considered  a bandicap in radioactive  1sotope
AqUANRLIALIVE assay Trom g ray spectra, can anstead in many cases he used to 'eternine
the source thickness withi the Lieip of careful Monte Carlo simulations, Such simulations,

however. st meorporate the o 11l peoniel rv of the experiments
1 R L
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